Background Angelman syndrome is a rare disorder in which most individuals do not develop speech. Testing of communication ability using traditional neuropsychological measures reveals a performance level at or near the floor of the instrument resulting in an inability to detect change when experimental therapeutics are applied. Methods Nine individuals, with molecularly confirmed AS, ranging in age from 34 to 126 months, and a single healthy control child (age 16 months) were audio and video-recorded while interacting with a licensed speechlanguage pathologist in an attempt to elicit vocalization and non-verbal communication. Thirty-minute audio recordings were transcribed and categorized per the Stark Assessment of Early Vocal Development-Revised and a phonetic inventory was created. Using video recordings, gestures were classified by function, either behavioral regulation or social interaction and further categorized as deictic or representational (i.e., behavioral regulation) and joint attention or shared engagement (i.e., social interaction).
Background
Several genetic aberrations involving the UBE3A gene result in the expression of the Angelman syndrome (AS) phenotype. In most tissues, both the paternal and maternal alleles (chromosome 15q11.2-13.1) coding for this protein are expressed equally (Jiang, Lev-Lehman, Bressler, Tsai & Beaudet, 1999) . In contrast, the neuron expresses the maternal allele preferentially. Therefore, any alteration in the maternal UBE3A results in a nonfunctional gene product (Albrecht et al. 1997) . Normal expression of UBE3A results in the production of ubiquitin protein ligase E3 (Ube3a), an enzyme that localizes to pre-synaptic and post-synaptic compartments of neurons and is required for normal synaptic function (Gustin et al. 2010) . This altered gene expression leads to clinical manifestations of the syndrome that include severe cognitive and physical impairments, seizure, easily provoked laughter and lack of speech.
Most individuals with AS do not develop usable speech and suffer from delays in other forms of communicative ability, such as signs and gestures (Clayton-Smith 1993; Jolleff & Ryan 1993; Penner et al. 1993) . Key factors known to contribute to the delay in communication ability in these individuals include cognitive delays and oral motor dysfunction resulting in the language ability equivalent to that of a 22-month-old (Jolleff & Ryan 1993) . Other studies showed individuals with AS who do speak are limited to two or three identifiable words. While most do not produce many words, these individuals are capable of understanding approximately two word utterances and it appears their receptive vocabulary increases with age (Robb et al. 1989 ).
Development of pre-speech and pre-language behaviours
Speech and language development begin early in a child's life. The precursors to speech are noted in the infant's first utterances (Stark 1980; Stoel-Gammon 1989; Oller et al. 1999) . Behaviours such as crying, grunting, laughter and voiced exhalations lead to the development of consonants and vowels and ultimately their combination into syllables. Infants practice their speech sound production abilities in their babbling and early word attempts. Research on speech production in this time period indicates that children follow the same general developmental order of vowels followed by consonants that possess a complete blockage in the oral cavity (i.e. m, n, b, p, t, d) or consonants that are more vowel-like (i.e. w, 'y'). Hence, it is not uncommon for the early word productions to include these sounds, such as in dada, more, no (Stark 1980; Stoel-Gammon 1989; Oller et al. 1999) . Pre-speech behaviours are most common during the first year of life, with a child developing a spoken vocabulary of about 50 words by the time he/she is 18 months old.
To be able to understand and attempt higher levels of communication and to be able to successfully interact within society (John & Mervis 2010) , children also must develop an awareness of intentionality in communication. An intentional communicative act is defined as a gesture, vocalization or word that is directed at someone to convey a message (Cress et al. 2013) . These behaviours develop long before meaningful speech (Carpenter et al. 1983) , and they do so in a particular order in typically developing children: (i) protesting, (ii) request for action, (iii) request for object, (iv) comment on action, (v) comment on object and (vi) answering (Carpenter et al. 1983) . Children with developmental disabilities may not follow the same progression as typically developing children when learning these actions (Rescorla & Merrin 1998) . However, research would suggest that most children with developmental disabilities will aquire communication skills at a slower rate overall and their pre-intentional behaviours may not progress in the same way as typically developing children (Cress et al. 2007) . Wetherby & Prizant (1989) have outlined the typical development of intentional communication. In the early stages, children demonstrate no awareness of a communicative goal. In this case, one may see fussing or expression of emotion. As the child develops, he/ she begins to focus on or react to the person. Then, the child may use their own body part to direct the communicative act. The next step involves using objects or combined motor and/or vocalizations directed at another person, for example eye gaze or waiting for a response. The last two steps involve modification of the signal of communicative intent when the attempt to engage another is unsuccessful. As can been seen in this developmental sequence, gesture is an essential aspect of successful communication.
The importance of gesture in communication
Gestures are an important pre-linguistic method of communication. Like speech, gestures operate in three different ways to communicate intentions (Crais et al. 2009) . First, gestures function as a way to regulate behaviour, such as pointing at something to request it. Second, gestures, such as waving as part of a greeting, are a part of social interactions. Finally, to initiate joint attention, gestures, such as pointing, are used to show something to someone. Given these purposes, gestures are classified into two major types: deictic and representational gestures. The primary difference between these gesture types is whether an object is present. Deictic gestures primarily function as a way to point out things that are present in the environment. As such, deictic gestures can reference objects or events and are further divided into contact deictic gestures and distal deictic gestures. Contact deictic gestures develop earlier and involve physical contact between the gesturer and an object. Distal deictic gestures are later developing and include pointing or other gestures that do not require physical contact.
Representational gestures carry a particular meaning and do not require another object's presence. Like deictic gestures, representational gestures are further broken down into two categories: object-related gestures and conventional gestures. Object-related gestures involve motions that indicate how an object is used, whereas conventional gestures primarily serve a social function, such as indicating 'no more' or 'I'm sleepy'. The development of representational conventional gestures, similar to speech and language skills, is particularly dependent upon an individual's society and family practices. However, research into object-related gestures and symbolic play suggests that these sorts of gestures are especially useful in predicting future language abilities (Crais et al. 2009) .
In typically developing children, contact deictic gestures develop very early in infancy, around 7-9 months of age. Distal deictic gestures do not emerge until the child is 10 or 12 months old. Representational gestures start to appear around a child's first birthday (Crais et al. 2009 ). In fact, the progression of gesture development is so paramount that some suggest a more accurate assessment of developmental age is obtained by evaluating gestures rather than assessing communication skill using object-manipulation tasks (DeVeney et al. 2012) .
Individuals who have AS tend to remain at the basic levels of communicative gesture use, if they gesture much at all. As beginning communicators, they tend to rely on non-symbolic, deictic gestures. This limited gesture use may be due to a general ataxia, language disability or the general cognitive disability associated with the syndrome. As such, it presents a special problem to those attempting to work with individuals who have AS because little is known about the use of gestures in achieving developmentally more complex levels of communication (Calculator & Diaz-Caneja Sela 2015) .
As gestures are so common, it should come as little surprise that they often are used, even unintentionally, as methods to help children learn language. For instance, when talking with children, adults frequently gesture to reinforce a point or provide additional information. These gestures function as a scaffold for the child to decipher the adult's spoken message (Singleton & Saks 2015) . Children also gesture back at their communication partners to express messages that they cannot verbally express (Goldin-Meadow 2015). Finally, researchers have shown that early gesture use often predicts language ability, as well as other executive functions (Kuhn et al. 2014) . Hence, encouraging gesture use, as well as using gestures when communicating with a child, may be helpful in guiding the child's language learning.
Assessment of children with AS
An ongoing initiative by our laboratory and others to identify therapeutics with the potential to improve the behavioural characteristics of AS, as well as the motor and cognitive impairments experienced by these patients, has already identified potential therapeutics ready to be studied in human populations. The cognitive and behavioural assessments commonly employed in clinical trials involving children with disabilities (including AS) are the Bayley Scales of Infant and Toddler Development (BSID; Bayley, 2005) and/or Vineland (Peters et al. 2004 (Peters et al. , 2010 Grieco et al. 2014) . Unfortunately, our previous research revealed behavioural characteristics of patients with Angelman syndrome that interfere with our ability to accurately measure the patient's adaptive behaviour, motor or cognitive abilities using these neuropsychological tests. For example, when 25 children with AS were assessed utilizing the aforementioned measures, participant's raw scores represented less than 25% of the possible points per subtest (Table 1) (Grieco et al. 2014) . Moreover, when raw scores are converted to scaled scores, the present authors observe a floor effect (Table 2) . That is, scaled scores (range = 1-3) for every participant fall outside of two standard deviations from the mean (a left-skewed distribution) of the normed standard distribution. The lack of performance ability on these standard measures results in scores at the bottom of the range and an inability to detect change after an intervention is applied. In the end, researchers risk reporting the failure of a potential treatment to ameliorate the symptoms associated with AS when in fact the potential therapeutic was effective (false negative results). The present authors observed the greatest contributing factor to these results was an inability to communicate with the examiners in a manner required by the testing manual.
Even though children with disabilities may not score as high on a standardized form of assessment, due to their difficulties with speech and language, they can still improve their communication abilities as time passes. In fact, using communicative gestures to test a child's developmental age tends to yield higher scores for children with various developmental disabilities than typical tests do (DeVeney et al. 2012) . For someone with limited movement, communicative gestures, such as pushing something away, may be easier to perform than typical object-manipulation tasks, such as stacking, because the former task requires less fine motor ability. Encouraging children, both with and without a disability, to use various types of gestures to communicate not only increases their communicative effectiveness, but also helps the children understand language. This fact makes gestural communication an important aspect in a child's development and makes it especially difficult for children with AS to learn to communicate, as the disorder is associated with a lack of gesture.
This study describes a novel method in the quantification of behavioural characteristics, such as communication, and shows data collection from videorecorded observations of patients with Angelman syndrome is feasible and reliable. Moreover, the present authors found that children with AS use more primitive forms of communication that is likely related to a childhood apraxia of speech compounded by deficits in receptive and expressive language. This research explores the use of informal measures of naturalistic communication to note how the child communicates in daily situations and to quantify the degree of communication impairment in children with AS. These procedures could facilitate the assessment of natural development, behavioural modification and therapeutic intervention.
Methods

Participants
The participants of this study were recruited by word of mouth and consisted of nine children with molecularly confirmed AS. Of the participants with AS, eight were deletion positive and one was mutation positive. They ranged in age from 34 months to 126 months, with a mean age of 93 months (SD = 27 months). The average female age was 89 months (range = 34-117 months), and the average male age was 96 months (range = 72-126 months). One typically developing girl (age = 16 months) served as the speech and language age-match comparison. The present authors obtained signed informed consent from at least one legally authorized representative of all participants.
Procedures
Instead of using the more traditional measures of early language development, the present authors chose to conduct an authentic evaluation of communication skill. To quantify communication behaviour, a licensed speech-language pathologist (the second author) engaged in a single unstructured play session in an attempt to elicit vocalizations and non-verbal communication attempts from each participant using a LENA Pro TM (Boulder, Colorado, USA) recording device worn by the child in a special T-shirt. Four cameras mounted in various positions captured video recordings with audio. This play session lasted approximately 30 min, and the same toys were in the room for each child. The examiner followed the lead of the child as he/she interacted with blocks, toy animals, balls, toy cars, etc. At the end of the session, the recordings were transferred from the recorder to a computer with a LENA Pro TM analysis system. These files were coded with group membership (AS versus typically developing) and a unique identifying number.
Analysis of vocalizations
The LENA Pro TM analysis system segmented the audio recordings into vocalizations surrounded by 300 ms of silence. Pre-speech attempts by the child were transcribed phonetically by a graduate student in speech-language pathology and then categorized into five different types of vocalizations using the Stark Assessment of Early Vocal Development-Revised (SAEVD-R) (Nathani et al. 2006) . This five-point scale categorizes the child's utterances into non-speech and pre-speech sounds (protophones), as well as vowels, consonants and syllables. It differentiates segments based on resonance, duration and speed of transition between sounds. Consonant-vowel (CV) utterances were analysed further into frequently occurring (labial/ central, coronal/front, velar/back) and less frequently occurring CV combinations (Giulivi et al. 2011) , and a phonetic inventory was developed. 
Analysis of communicative gestures
Reliability testing
Authentic assessment tools tend to be more qualitative in nature, so it is important to evaluate the reliability of all coding schemes. Consistency in transcribing the prespeech data and in coding the gesture data was conducted by two students in the Communication Sciences and Disorders department. A graduate student determined the reliability of the pre-speech data. She transcribed all nine verbal communication samples and then recoded two randomly selected samples (18% of the total data set) to note consistency in IPA coding. Intra-rater agreement was 99%. An undergraduate honors student was trained by the second author to code the gestures from videotape. Interand intra-agreement of gesture coding was accomplished by recoding 20% of sessions. The undergraduate student recoded 20-min sections (minutes 5-25) from three randomly selected participants for intrarater agreement, which was determined to be 97%. The second author, who also performed the initial speech/language recording session, recoded three different randomly selected samples for inter-rater agreement on gesture use. Inter-rater agreement was determined to be 78%. Examiners were noted to differ in their assessment of gestures at times because it was difficult to determine the child's intent. For instance, it was difficult to know whether the child was playing with the adult (i.e. joint attention) or whether they were just playing with a toy at same time as the examiner (i.e. parallel play). While this level of agreement seems low, Miles & Huberman (1994) report an average agreement percentage of approximately 70% is adequate for the preliminary use of a qualitative approach in a novel way.
Results
Analysis of pre-speech attempts
Pre-speech attempts by nine children with AS were transcribed and categorized into five different types of vocalizations using the SAEVD-R. Results of our study showed none of the children with AS used advanced forms of vocalizations (diphthongs, jargon, complex syllables or meaningful words). The range of vocalizations produced by the children with AS was characteristic of children between 0 and 6 months (Stark 1980; Stoel-Gammon 1989; Oller et al. 1999) . Specifically, the mean frequency of reflexive (cry & discomfort, vegetative sounds) vocalization was observed 11.67 times, control of phonation (single consonant or consonant-vowel, chuckle/laughter) 25.56 times and expansion (single vowels, vowel glides, squeals, marginal babbling) 22.11 times. The present authors observed few uses of canonical syllables (single consonant-vowel, syllable strings, whispered vocalizations or disyllables) in the participants with AS (mean = 5.67 times). These types of utterances are more characteristic of children around 12 months of age (Stark 1980; StoelGammon 1989; Oller et al. 1999) . In contrast, a cognitively matched, typically developing participant (n = 1) used more advanced levels of vocalizations including expansion (eight times), canonical syllables (50 times) and advanced forms of vocalization (three times).
While most of the vocalizations the present authors observed (Table 3) were either laughter or isolated vowels, three of the children with AS produced consonant-vowel (CV) combinations. These limited productions were characterized as either labial/central or velar/back CV combinations (Giulivi et al. 2011) . The phonetic inventories of the entire group of children with AS were limited to the following consonants:/m,n,j,w,h,b, d,g,k/. All children with AS produced the/j,w,h/and either/m/or/n/. Approximately one-half of the children produced the plosives/b,d/, and only one child produced/k,g/. In terms of vowels, the children with AS tended to use central (/ʌ, ə/) and low vowels (/a, ae/) and a few children produced high vowels (/i, u/). These consonant patterns taken together with a preference for either front or back vowel usage suggest little tongue movement during vocalizations which may be related to the presence of childhood apraxia of speech. It was also noted that the children with AS kept their tongue in a central position within their mouth the majority of the time (Figure 1 ).
Patterns of gesture use
Considering the pre-speech production findings mentioned above, the present authors investigated the use of gestures as a form of communication in this The majority of observed vocalizations for participants with AS consisted of laughter or isolated vowels sounds, while the typically developing child produced more words. As a whole, the consonant patterns demonstrated by the children with AS revealed a preference for either front or back vowel usage and suggested little tongue movement during speech production.
Angelman population. Using the Noldus Observer â XT software, gesture function (Table 3 ) was coded as behavioural regulation or social interaction and further classified as deictic or representational (within the behavioural regulation category) and joint attention or shared engagement (within the social interaction category) (Table 4) . While most gesture attempts by the children with AS involved protesting or pointing, it cannot be ruled out that ataxia and possible limb apraxia limited gesture use. These data show (i) children with AS used relatively equal amounts of the earlier occurring gesture types (deictic gestures and joint attention). (ii) Children with AS spent nearly twice as much time not gesturing when compared to a typically developing, younger child. (iii) The typically developing child spent more time in joint attention and used fewer deictic gestures to communicate than the children with AS. (iv) Representational gesture use was only observed in one child with AS. Overall, the children with AS performed differently than the typically developing child, emphasizing behavioural regulation more than social interaction in the communicative attempts.
Discussion
Previous clinical research has shown the development of a novel outcome measure for patients with AS is a necessity Figure 1 Participants with AS exhibit little tongue movement during speech production. The phonetic inventories of this sample of children with AS revealed a preference of either front or back vowel usage, suggesting the movement of the tongue is limited perhaps due to an apraxia of speech. to detect change when a therapeutic regimen is administered (Grieco et al. 2014) . The behavioural traits inherent to the syndrome, coupled with severe cognitive impairment, interfere with the child's ability to perform the tasks required to score above the floor of the instrument. This is not to say they cannot complete the required tasks, rather most children with AS are capable of performing the more complex tasks of the Bayley Scales of Infant and Toddler Development, but will not complete the task as commanded or in the allotted time. As the pipeline for potential therapeutics to treat AS is developed, a measure that can detect a change in behaviour and ability in this complex population will be required.
Observations of early speech attempts
The control participant was younger than the participants with AS and was in the early stages of speech development. Analysis of the results suggests that the typically developing child utilized the socialization aspect of communication more than those with AS, who used primitive communication types to meet their needs. For instance, some of the children with AS would touch, hit or attempt to bite the clinician, as a means of protesting or gaining the attention of the examiner. These behaviours are indicative of the third stage of intentional communication development, as described by Wetherby & Prizant (1989) . As expected, the typically developing child seemed to prefer to use words more than gestures to communicate, while very few early speech behaviours, other than laughter, were elicited from the children with AS. Moreover, the present authors observed few recognizable utterances, other than a few vowels and consonants and the general lack of babbling. The children with AS were generally quiet and rarely initiated communication attempts. These findings supported the presence of childhood apraxia of speech. The present authors also noted that the tongue of the participants with AS moves very little during early speech attempts, remaining in a central position within the mouth. These results provide a more descriptive picture of how children with AS communicate on a daily basis. Overall, it appears that the children with AS are following not just a delayed, but an atypical developmental pattern.
Observations on pre-language use
It is not just motor skills that may cause problems for children with disabilities. Often, children at risk for language delay have other issues interfering with their cognitive development. One such issue is a difficulty with establishing and maintaining joint attention (Summers & Impey 2011) . Joint attention is the phenomenon in which two people focus on a single object or event at the same time. The typical gaze pattern of an individual engaging in joint attention is triadic in nature, involving looking at an object, shifting the gaze to the attentional partner and then shifting the gaze back to the object (Longard & Moore, 2015) . These gaze shifts determine the object to be attended to, invite someone else to join in that attention and then draw that other person's attention to the selected object. Although this activity is important when holding a conversation, children develop the ability to participate in joint attention even in a pre-linguistic stage (Longard & Moore 2015) . The ability to engage in joint attention is important for language learning. It helps to guide the infant in making associations between an adult's speech attempts and the objects being attended to (Bruinsma et al. 2004) , helping the child to understand that these utterances can label objects -a realization that is important in the development of language.
Many children with developmental disabilities who are at risk for being non-speaking do not participate in joint attention as often as typically developing children. Their attention tends to be object-focused rather than using the triadic pattern necessary for joint attention (Arens et al. 2005) . This lack of joint attention may compound with other aspects of a child's syndrome, such as cognitive deficits that impair understanding of symbolic language or motor deficits that keep a child from gesturing or producing speech (like apraxia). This makes it especially difficult for that child to learn to communicate intentionally because he/she does not make the first linguistic steps of labelling objects and pointing them out to caregivers.
Our gestural results support the need for developing joint attention. The children with AS tended to rely on behavioural regulation strategies to communicate and rarely maintained joint attention with the examiner while at play. These findings would suggest that treatment efforts should be directed towards training joint attention (Longard & Moore 2015) and enhancing gesture use (Calculator & Diaz-Caneja Sela 2015) .
Using behavioural coding software, the present authors were able to capture and quantify the communication characteristics of a child with AS. Moreover, when a specific behavioural domain, such as communication, was compared amongst new and existing instruments (as shown in Table 2 ), it was clear the use of an observational method gives rise to more sensitive results demarcating a wide variation in ability amongst children with AS (as seen in Table 3 ). This increase in measureable variation between individuals allows us to use parametric analysis for determining an individual's disorder severity compared to other children with AS, as well as highlight particularly small changes in behaviours, either regression or improvement, when therapeutics are applied.
Conclusion
Angelman syndrome researchers agree the neuropsychological outcome measures that exist currently do not accurately measure the cognition, communication or motor ability of a child with AS. Due to the instruments' inability to capture changes when a therapeutic is applied, researchers risk reporting falsenegative results even if a positive effect exists. The results of this study show that not only can the present authors capture, quantify and analyze the communication ability of patients with Angelman syndrome, but it can be done with specificity. This means the use of this assessment will detect even the smallest amount of change in communication ability or oral motor function during clinical studies of new therapeutics for this devastating disorder. Future studies should evaluate utility of a systematic observation of communication abilities when determining the effectiveness of a new treatment. In addition, the impact of communication partner and environment on the assessment of communication skill should be carefully examined as individuals are known to communicate differently with familiar people in everyday situations (Cress et al. 2007 (Cress et al. , 2013 .
